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it is too late to resample or to alter the sampling technique for the remaining
samples.

Despite these caveats, many analyses are done on land either because
the sample can be stored without changing the concentrations of the analytes
it contains or because the apparatus required for the analysis cannot be
operated on board a ship. For instance, some radionuclides are measured on
land for both reasons. Samples analyzed on land can be spiked immediately
with another (artificial) isotope of the same element to fill the adsorption
sites on container walls and to serve as an internal standard. The mass
spectrometers required for isotope ratio analyses are often too sensitive to
vibration and motion for shipboard use. Analytes present at greater than
trace levels, or which can be stabilized with some pretreatment, may also be
analyzed successfully on shore.

The barriers to introducing some analytical techniques for shipboard
use can be daunting, particularly those requiring complicated equipment;
even simple tasks like weighing chemicals on a balance or reading a buret
can be challenging when the seas are rough. Presently, most shipboard
chemical analyses are carried out with instruments not designed for ship-
board use. Instruments designed for use on ships must endure a humid,
corrosive atmosphere; withstand shock and violent motions of the ship;
survive greater extremes of temperature than in the usual laboratory; and
function with limited and poor quality power and water supplies. Approaches
to develop new instruments will need to include not only chemistry but also
physical engineering and design to make the shipboard environment less
daunting for chemical instrumentation. Better ships and power systems are
needed. These problems affect not only the instrument itself but also any
computers that control the instrument or collect the data it generates. This
is increasingly important, as many oceanographers take part in research
cruises that originate in ports distant from their home institutions and may
have to take their own specialized equipment with them. At times, it is
most convenient to package an entire laboratory in a standard shipping
container, which may be transported to the ship and carried as deck cargo.
Some common "utilities" found in chemical laboratories, such as furne hoods
and gas lines, are not routinely used on ships. In addition, it should be
noted that shipboard conditions are often suboptimal for the human opera-
tors of the instrumentation as well; seasickness affects the efficiency of
many scientists at sea.

The above information demonstrates why some analytical techniques
are seldom or never used at sea. For instance, the large gas lasers typically
used in ultrafast and Raman spectroscopy are fragile, require 500-volt three-
phase power, and must be cooled by a significant flow of fresh water. Yet
despite these limitations, nearly all types of analytical techniques have been
used at sea in some form, including electrochemical techniques, absorption